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srntJCruRAL BINDitJ:; PROPERTIES OF SILVERCARP (HYroPHTAI1·1IomJYS ~OLITRIX) MUsa..E 
~ BY NaCl NID cac12 'IREA1MENI'S 
Ilan Sherrer , Zwi G. Weinberg arrl Roza Vasiliver 
Det=:artrrent of Focd Science , A. R. O. , 'Ihe Volcani Center, 
P .O. Box 6, Bet Dagan 50250, Israel 
'Ihe texture of restructured auscle products 
is well known to be strongly affected by various 
sal ts . In the present work the effects of NaCl and 
CaC12 on the ultrastructure o f OOth fre~h and 
c=k1ng salted silvercarp (Hypophthalm1chthys 
mol itrix) muscle were examined , in order to 
elucidate the heat-initiated birrling phenanenon. 
Salium chloride at 0 . 3 and 1 . 5% caused swelling 
arrl fusion of the myofibrils and loss of arrayed 
structure . At 12% NaCl there was a canpaction of 
myofibrillar structure . Calcium chloride at all 
the tested concentrations resulted in shrinkage of 
myofibri ls . The present study demonstrated two 
main effects of salts on the ultrastructure of 
fish muscles: ( i ) s~lling of myofibrils which , at 
relatively high NaCl concentrations ( 1 . 5% ) 
resulted in conversion of the arrayed structure of 
tl"'ll9 myofibriles into a harogeneous and amor~s 
mass , and (ii) shrinkage of myofibrils , which may 
result in canpact and. denser appearance of 
filaments within myofibrils and their shortening . 
The textural changes which resulted fran the 
different salt treatments are explained by these 
findings. 
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Intrcrluction 
Scrliurn chlor ide ard phosphates are o:::mronly 
used in muscle feed systems in order to reduce 
drip and to improve functional properties such as 
binding and emulsificatioo . 
Ha!rm (1960) stated that the effect of salts 
on muscle tissue may be urrlerstcxxl by considering 
toth the cations arrl the anions . salts such as 
NaCl , the ions of which contribute electrical 
charges to the peptide chains , result in repulsion 
or attraction t:etween the protein molecules arrl 
~~ati~~:ng~ val~uions i~~~~~ Ca +~rand d~~~a~~ 
J::elieved to cross-link protein chains and this 
narrows the intennolecular spaces available for 
water and results in decreased hydration . At high 
concentrations there is a decrease in water 
holding capacity for rrost salts , which is 
explained by cleavage of hydrogen tx:>rrls arrl 
excessive folding of the peptide chains ("salting 
out" ) . Various ions have been arranged in the 
so-called "HofrTEister" series which ranks them 
according to their effectiveness in salting- out 
proteins . With this regard , increased confor-
mational stability was associated with loss of 
solubility ( HaschenEyer am Haschemeyer ' 1973) . 
Weinberg et al. ( 1984a) found a high correlation 
retween the expressible rooisture in ccd muscle as 
affectOO by various salts and the texture of 
loaves that were prepared fran ground cxxL In that 
study 0.25M NaCl resulted in a cohesive arxl 
elastic texture in the cooked loaves ; 2M NaCl 
( 12%) resulted in canpact and grainy texture ; 
cac12 a t ionic s~ength r ange J::et~ 0 .085 and O. SM resulted 1n soft and crumbl~ng loaves which 
expressed a great volurre of rroisture up:m cooking . 
Similar results were also obtained with silvercarp 
(Weinberg and Angel, 1984 ; 1985 ). 
The formation of a cohesive and elastic 
muscle matrix fran snall pieces is achieved by 
mixing small muscle cubes with NaCl arrl 
phosphates . A tacky aOO swollen batter is then 
obtaine:i , and when heat is applied the proteins 
coagulate ard binding between the separate muscle 
pieces occurs . This P"Ienanenoo is referred to as 
' heat initiated binding ' (Vadehra ard Baker , 
1970) . The mechanism through which the heat 
initiated binding is achieved is believe:l to re 
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due to the solubilization am extraction of the 
myofibrillar proteins by the salts. These proteins 
then serve as binders between the muscle particles 
(Vadehra and Baker , 1970; Macfarlane et al., 1977; 
Siegel et al ., 1978). 
Offer and Trinick ( 1983) used light 
microscopy as well as transmission electron 
microscopy (TEM) to study the swelling behavior of 
isolated myofibrils fran psoas rabbit muscle as 
affected by various NaCl and pyrot:flosphate 
solutions. They related the swelling of the 
myofibrils to the water retention prot:erties of 
the muscle , and prorosed a mechanism by which NaCl 
and phosP"tate resulted in swelling by adding 
electrical charges (Harron, 1960), and by detachment 
of transverse cross bridges fran the actin 
filaments. When Voyle et al. (1984) studied the 
effect of salt and phosphate brining on the 
ultrastructure of pig muscle by 'IEM, they found 
swe:lling , extraction of A-band proteins arrl Z-line 
break- up; these results depended upon muscle age 
post rrortem , pH, and duration that muscle samples 
were sooked in salt and phosphate solutions. In 
adhtion , loss of structure was attributed to 
either the extraction or detachrrent of thin or 
thick filaments fran the myofibrils . In Leander et 
al. ( 1980) a study of structural changes in heated 
=~~: m~~~~e~Y ~~ ~t:~bet~: 6~5~t~d 
70°C caused sarcanere contraction and loss of the 
!-band. Sane Z-line breakage was also noticed. 
In the present work an attempt was made to 
shed light on the understanding of the heat 
initiated binding phenanenon by studying the 
ultrastructure of fresh and heated silvercarp 
muscle tissue treated with NaCl aOO eac12 . 
Materials aOO Methc:ds 
Preoaration of the fish muscle 
Fresh sil vercarp ( Hyp:?phthalmichthys rroli trix) 
was p;rchased fran a local dealer, filleted and 
~~~e:1 ~~;tg~~ ~shp~;e~~e~~r~~~l~ ~~ 
hand for 3 min , with or without various salts . TI"le 
treatrrents were : control (no salt added), 0.3% 
NaCl (W/W), 1.5%NaCl, 12%NaCl, 0 . 55% CaClt 
:~~~ ~;1for:~i~·~: ~;1~~~- :~e;a~e~ro~ 
geneous mass was achieve::l , a mixed sample frc:m 
each treatrrent was taken for ultrastructure 
examination. The rest of the fish was stuffed into 
s tarrlard 1 00 ml Pyrex beakers covered with 
:~~~c~il inp~tu~~en w!~ 1 ;~~~a~0~~~1 ~~~e~~ 
reach an internal tant:erature of 75°C . After these 
samples were coole:l to roan temperature, [X)rtions 
fran the internal zone were also taken for ultra-
structural examination. 
Electron microscopy 
Muscle samples were fixed for 2 h in 3 . 5% 
glutaraldehyde in O. l M sodium caco:lylate , pH 7.0, 
cooled within a water- i ce bath , and p:Jstfixed for 
2 h in 2% 0s04 in 0.1M phost:flat e tuffer. '!he fixed 
samples were dehydrated with increasOO concen-
trations ( 20 , 40, 60 aOO 100%) of ethanol, each 
step lasting ca . 30 min , and this was followed by 
several rinsings with absolute acetone , for 1 h 
each. Then, the samples were embedded within Agar 
100 resin (Agar Aid) at .rocm temperature , and left 
overnight at 70°C for [X)lyrnerization. Ultrathin 
sections were prepared with an LKB ultramicrotane 
with a dia.rrorrl knife of Diatcm , Switzerland , 
stained with uranyl acetate and lead citrate , and 
examined with a TEM (JE1.'l 100CX II-JIDL) at 80 kV . 
Results and Discussion 
Scrlium and calcium chloride at the various 
concentrations were chosen for the present 
ultrastructural study OOcause of two main reasons: 
1. these salts have been found to exert very 
different textural and water holding effects on 
fish muscle tissue (Weinberg et al., 1984a ; 
Weinl::erg and Angel , 1 984, 1 985 ) . 
2 . differential scanning calorimetry sttrlies on 
the effects of various salts on ccd muscle 
revealed very different thermal transition curves 
~~8~~~~~ ~~fabi~eai:~~:t~ ~~~~nt e;ff~t~ 
on t he conformation of the proteins. 
Both textural and thermodynamical analyses 
might indicate rossible ultrastructural 
differences which may explain the r:;hysical 
properties of the treated muscle. 
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The myofibrillar arrangement of the 
silvercarp is typical for muscle and characterized 
by distinct sarccmeres {Figs. 1a, 1b) . In Fig . 1c 
the array structure is evident (Fig . 1 c ) , as are 
the details at higher rragnification (Fig . 1d). 
Heat treatment resulted in shrinkage of t he 
sarcanere length acccrnpanied by disintegration of 
OOth the I-band (including the Z-line ) and the 
H-zone, as indicated by areas of very low 
densities (Fig. 2a) . Higher magnification reveals 
residues of filamentous elements in the I ard H 
zones which might have served as binding 
structures bet~ adjacent sarcaneric elements . 
Base::l on the present study it seems that the 
disintegration of the myofibrils into sep3..rate 
sarcaneric elements might explain the softening of 
the fish muscle obtained by cooking. It also 
appears that the heat treatment resulte:l in 
disappearance and fusion of the thick ard thin 
filaments of the myofibrils (Figs . 1b, 1d) arrl 
converted them into a hOI'I'Clgeneous matrix of 
amorphous p3..ttern (Fig . 2b ). 
Johnson et al. ( 1981 ) discussed the role of 
textural elements in a r heolcgical mcdel of fish 
flesh. They envisioned fracture of textural 
elements U[X)n heating , and the above mentioned 
Figures 1a, 1b. Longitudinal ultrasection of fresh 
silvercarp muscle. The typical sarcaneric zones 
(A, H, I, H, Z) are indicated . 1a - bar=800 nm ; 1b -
bar=90 run . 
Figures 1c, 1d. Cross ultrasections of the muscle 
describ::!d in Fig . 1a. 1c - bar=230 run ; 1d -
bar=50 run . 
Figures 2a, 2b. I.ongitt.dinal ultrasect ion of heat 
treated muscle . Remnants of the typical sarcaneric 
zones (H , I, Z) are indicated . 2a - bar=700 nm; 
2b - bar=67 nm. 
Structural Binding of Silvercarp r1us cle 
20 1 
I. Sharer , Z.G. Wei nterg and Roza Vasiliver 
20 2 
Structural Binding of Sil vercarp Muscle 
disap{:earance of filaments fran the myofibrils 
could supp:Jrt such ideas . 
Myofibrillar proteins can be solubilized and 
extracte::1 from muscle tissue at relatively high 
NaCl concentrations ( 0. 25 M and atove) . However in 
the present study NaCl concentrations as low as 
0.3% resulted in swelling of the I-l:end (Fig . 3a). 
This significant change is illustrated. by 
canparing Figures 1b and 3b. It is interesting to 
reveal that with 0.3% NaCl the A-band is canp:::>sed 
of several bands of various densities (Fig. 3a). 
Figure 3c demonstrates a high magnification of the 
area around the H-zone . Fig. 3d sh::Ms the muscle 
array in cross section in which several densities 
may t:e observed. Higher magnification of ilie 
myofibrillar cross-section shows diverse densities 
within the myofibrils (Fig. 3e). Figures 4a, 4b 
show a typical pattern of the 0.3% NaCl trmtment 
ur.:on heating. The sarccmeric arrangerrent is still 
retained, however there is scxre fusion of adjacent 
sar<XJmeric elements which is apparent (Fig. 4b). 
At 1. 5% NaCl treatment toth the myofibrillar 
and sarcomeric arrangement disappear in the fresh 
muscle (Fig. Sa) , and a filamE:>ntous pattern was 
not obse:rve::l (Fig. Sb). However , renmants of 
interrnyofibrillar regions can be identified in the 
hanogeneous rrass of the l::oth fresh and heat 
treate::l samples (Figs . Sa, 5b , 6). It appears that 
this ultrastructure is a result of marked swelling 
of the myofibrils UI_X:In salting. Swelling of the 
myofibrils resulte::l in the loss of the array 
structure, fusion of the myofibrillar proteins 
into an arrorphous mass, and might explain the 
resulting tacky muscle batter which leads to a 
cohesive and elastic texture upon heating 
( Valdehra and Baker , 1 970; Weinl:.erg and Angel, 
1984). 
Upon heating , the 1.5% NaCl- treated. samples 
exibited two main piltterns: 
1 . haTJCX]eneous arrorphous pattern , and 2. residues 
of sarcaneric elements (Fig. 6). It is r.:ossible 
that where the salt has CCX71pletely reacted with 
the muscle proteins a complete horrogeneous mass 
was obtained . When the mixing with salt was 
incanplete some residual sarcaneric elements can 
still be identified with the disintegrated I-bands 
(Fig. 6). 
Voyle et al. (1984) suggested an accumulation 
of protein globules on the muscle fibers membranes 
of toth control and salted samples. However, in 
the present study no such material was identified 
in the hom:::>geneous amorphous rress. Fig. 7a shows 
the pattern of the 1 2% NaCl treated samples in 
Figures 3a-3c. Longitudinal ultrasection of 0.3% 
NaCl treated muscle. Zones A, H, I, M, Z are seen. 
3a - bar= BOO nm; 3b, 3c - bar=60 run . 
Figures 3d, 3e. Cross ultrasection of the rtluscle 
described in Fig. 3a. 3d - bar=250 run; 3e -
baro60 run . 
Figures 4a, 4b. Longitudinal and cross ultra-
sections of the heat treated muscle describEd in 
Fig . 3a. Remnants of ilie typical sarccmeric zones 
A, H, I , and Z are identifiable. 4a - ter=BOO run; 
4b ~ rero320 run. 
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which the toi:ders between adjacent myofibrils may 
be identified. However, higher magnification of 
these samples (Fig. 7b) reveals a filarrentous 
pattern (which was undetectable at 1 .5% NaCl , as 
seen in Fig. 5b) in the A-zones . The pattern of 
the filamentous material is vecy dense and 
canpact. Indeed the texture of the fish loaves 
prepared with 12% NaCl was very compact, grainy 
and inelastic (Weinberg and Angel , 1984). 
Calcium treatment of 0.55% resulted in some 
initial shrinkage of the I band and H-zones (Fig . 
8) . The I-l:ends were more susceptible to shrinkage 
and this formed a segrrental structure of the 
myofibrils . The heat treated samples of 0 . 55% 
~c12 show~ a narrow pattern of the myofibrils , 
w1th dist1nct z-lines and "empty" I-bands . In 
addition , the H-zones shrunk considerably (Fig. 
9) . This might explain the large amount of drip 
that resulted fran the calcium addition. At higher 
calcium concentrations the sarcorLeric pattern of 
the shrunken myofibrils is almost lost (Fig. 1 Oa) . 
At higher magnification the various sarcaneric 
zones can still be identified (Fig. 10b). A 
significant shrinkage is observed with the heat 
treated samples i n which the sarcomeric pattern is 
lost (Fig: 1 ~). At 2.~% CaC12 the myofibrillar 
structure 1s distorted (Flg. 12 ). 
Surmary and Conclusions 
The present study derronstrated two rra1n 
structural effects of salts on the ultrastructure 
of fish muscles: 1. swelling of the myofibrils at 
0.3% NaCl treatment which increased at 1 .5% NaCl 
treatment resulting in fusion and conversion of 
the myofibrillar arrayed structure into a 
aiOCirphous p3.ttern. 2. shrinkage of the myofibrils 
~;~edoc~~~e~~~t~~~s~c~i~~ea;:~:it~t a~~ th: 
ccmpact and denser ap{:earance of the filaments 
within the myofibrils and their shortening. 
Pa rticular-ly dense structure have J::een observed at 
12% NaCl. 
Basecl on the present study , i t is suggested 
that the first effect 1S a result of 
conformational instability of proteins which leads 
to fusion of the myofibrils and to a loss of their 
arrayed s t ructure. Such fusion might be related to 
the bindi ng and cohesive pro{:erties of these 
proteins. On the other hand , the effect of 
shrinkage is a result of cross linking of the 
r e latively o(.len and solubilized protein structure 
which lead s to deforrration of the myofibrils which 
are protected fra,l denaturation. It is interesting 
t o note that CaC12 affects o~ly shrinkage~ while Na Cl brings alx>ut Doth sv.rell1ng and fus1o11 at 
relatively low concentrations and canpactness and 
shrinkage at high a:mcentrations. 
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Figures Sa , Sb. Ultrathin section of 1 . 5% NaCl 
treated muscle. Rarmants of the inter myofibril lar 
regions ( It1R ) can still be observed . Sa - bar=800 
run; Sb - bar=70 nm . 
Figure 6. Ultrathin section of the heat treated 
muscle described in Fig. Sa where the remnants of 
A arrl I bands are still detectable . Bar=BOO run . 
Figures 7a , 7b. Longitudinal ultrasection of 12% 
NaCl treated muscle . Identifiable sarcomeric zones 
(A) and inter myofibrillar regions ( IMR ) can still 
be observed . 7a - bar=960 run ; 7b - bar=100 run . 
205 
Weinberg ZG, Regenstein JM , Baker RC ( 1984a) 
Effect of different salts on water retention and 
heat initiated binding properties of c:xxrminuted 
ccd muscle. J. Fcod Biochem. ~, 215~227 . 
Weinberg ZG, Regenstein JM, Lillford PJ 
( 1984b) The effect of salts on themE.! transition 
curves of a::d muscle. J. Fcc:d. Biochem . .§., 335-339. 
Discussion with Reviewers 
G.R. Schmidt: In figures 1c and 1d , what causes 
the unusual barrling patterr1 in these 
sections? 
Authors: These patterr1s are deperx:lent on the 
sectioning plane in relation to the longitudinal 
direction of the myofibrils. An explanation for 
that is folll1d in a diagrarnnatic illustration in 
"The Science of Meat and Meat Prcducts" ( 1970), 
pp. 35 (by Price J .F. and Schweigert, B.S ., FNP , 
~Vestport, CI'. ) 
G. R. Schmidt: Can the authors explain how the 
striate::i banding patterr1 shown in figure 7b 
" returned" ? Could this l::e the result of a 
non-hCliTO<}eneous distribution of salt in the mixed 
fish muscle? ~·Jas there any attempt to check for 
hcrrog-eneous salt distribution? Would it have J::een 
better to hold the raw mixture for 24 h 
equilibration period prior to sampling and 
ccx:>king? 
Authors : The various treatments with dry salts 
exerted irrmediate and obvious effects on the 
texture of the fish muscle after mixing . The 
puq:ose of the present study was to follow the 
structural properties of these changes. The VK)rd 
" return" used in the original manuscript to 
descrit:e the effect of 12% NaCl is not quite 
adequate. It was actually related to compare the 
12% NaCl and the 1.5% NaCl treatments. Anyway the 
striated patten1 was obtained upon treatment with 
12% NaCl. We did not follow here changes that 
might occur up:m gradual increase of the salt 
concentration in the same sample. 
G.R. Schmidt: Why is no data presented on drip 
since reference to this is made in the text? 
Authors: Visual impression of the drip volumes was 
very obvious; we did not record the amount of 
drip. 
Reviewer II: Overall , the manuscript does not 
elatorate " birrling" property , instead, it 
descril::es sane simple salting-in and salting-out 
phenonena in the presence of various levels of 
salt. 
Authors: The description of heat initiated binding 
is given in the Introduction , arrl it explains how 
the present study is related to this phenanena. 
Indeed it is related to salting in, salting-out 
and water retention properties of the muscle 
proteins , as emphasized in the Intrcduction . 
Reviewer II: Why did the authors use dry salt 
instead of brine? For uniform distribution of as 
la.v as 0 . 3% salt , a brine wou ld seem to l::e JIDre 
reasonable. 
I. Sharer , Z.G. \'leinberg arrl Roza Vasiliver 
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Authors: We used dry salts and not brine for the 
following reasons: 1) Dry salts exerted irrrnediate 
aOO obvious effects on the fish muscle. 2 ) Dry 
salts are used in the industry to prepare ham and 
leaf types prcrlucts . 3 ) Additional water of the 
brine might have changed the structure as a result 
of dilution effect , or washing out of various 
COTI{X)nents . 
Reviev.rer II : A 12% salt is not practical for a 
restructured muscle fco::l ; the phencrre n:m descrited 
is nothing but a dehydration (osnotic drying ) 
rether than a protein solubilization. 
Authors : Previous studies examined the effect of a 
12% NaCl and found it to strongly affect the 
texture (Weinl:erg et al. 1984a; Weinterg and 
Angel , 1984) . TherefOre We examined in the present 
study the ultrastructure of the muscle tissue also 
under such extreme conditions. The purpose of this 
study was to folla-~ the ultrastructure of fish 
muscle with various textural properties , rather 
than for practical implications . As ITIE!ntioned in 
the intrcrluction , textural properties of 
restructured muscle prcxiucts is highly correlated 
with water holding properties (Weinberg et al. , 
1984a). This phenanenon involves also 'i)ro"'tein 
solubilization (Vadera and Baker , 1970 ; Macfarlane 
et al. , 1 977 i Siegel et al. , 1 978) . However, it 
COuld well be that a12% NaCl treatrrent involves 
also dehydration t:esides confo.rrrational changes in 
the proteins. 
D.F. lewis: Swelling without dispersion is 
tm.likely to cause fusion - indeed , swelling VK>uld 
be expected to rrove structures further apart . 
Authors : According to the present study, the 
arrorphous ultrastructure is a result of fusion. 
D.F. Lewis: Why did the authors use minced fish 
which adds the difficulties of the interpretation? 
Authors: Mincing through 5 mn grinder dose not 
affect the sarcaneric ultrastructure as obvious 
from the ultrastructure of the unsalted 
Figure 8. Longitudinal ultra~ection of 0. 55% cac12 treatEd muscle . Shrunken regions (A, I) are ma.rked. 
Bar:::800 nm. 
Figure 9 . Longitudinal ultrasection of the heat 
treated muscle descrited in Fig. 8. Remnants of 
saro::xnenc reg~ons (H, I) clearly 
identifiable. Bar=800 run. 
Figures 1 Oa , 1 Ob . Longitudinal ultrasection of 
1 .25% eac12 treated muscle. Shruz:ken ~a~comeric 
zones H and Z (A , I) can still be 1dent1fle::L 10a 
- bar=800 nm ; 1 Ob - bar:o230 nm . 
Figure 11 . Ultrathin section of heat-treated 
muscle described in Fig 1 Oa. Remnants of the 
various sarccr.1eric zones can be identified (were 
not marked). Bar=800 run . 
Figure 12. Ultra~hin section of 2~5% Cacl2 treated 
muscle. Sarcomer~c patterns are d1storted , but the 
filamentous structure is observed . Zone A and the 
inter myofibrillar region ( IMR ) can be identified . 
Bar"60 nm. 
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muscle. However, canparison with a non-minced and 
non-saltej muscle as well as with the control 
treatment have l:::een done to verify this {X)int. Vie 
used groillld muscle in order to ensure even 
distribution of the salts in all parts of the 
examined tissue . 
S. Cohen : Muscle can{Xlnents are held together by 
structural entities. When treated v1ith salts or 
other chemicals such as {Xllyphosphates there can 
be a leeching out of substances such as 
sarcoplasmic proteins which then bind or "glue" 
the muscle fibers together . When heate::J , the 
various binding components of ImJscle such as the 
interrrterliate filaments vimentin, titin and nebulin 
are broken . The authors should address these 
differences. 
Authors: 1 ) The present study , and previous data 
(Weinberg , Z.G . 1982. 'Heat Initiated Binding in 
Fish ', Ph . D. thesis , Cornell University , Ithaca, 
N.Y. ) , does not suggest a leeching out (or 
extraction) of muscle proteins. In an experiment, 
fish muscle treated with NaCl released less 
proteins into solutions canpared to control 
muscle . This is different fran the suggestion of 
Siegel et al. (1978) which explained that there is 
extraction of proteins onto the surface of the 
muscle particles. 2) The literature suggests that 
the sarcoplasmic proteins contribute very little 
to the binding properties of ImJscle (e . g. 
MacFarlane et al. , 1977). 3) Conce.ming the 
cytoskeletal proteins mentioned , sane filamentous 
remnants can be observed in sane heat treated 
samples along the I zones (Figs . 2a, 2b) . Ho<Never , 
no histcx:hemical atternpt Has made to identify 
specific proteins . 
C.A . Voyle : The concentration of NaCl which gives 
rise to the structural changes described in fish 
muscle is much less than that required to bring 
about similar changes in mammalian muscle (Offer 
and Trinick, 1983; Voyle et al. , 1984). IX> the 
authors consider this to be a significant species 
difference , or are other factors involved? 
Authors: The same salt treatrrent ( 1. 5% ) resulted 
in different textures in a cooked prOOuct prepared 
fran different fish and avian muscles. The fish 
prcrluct was significantly more tender than the 
avian prcrlucts. Bicx:::hemical tests also revealed. 
differences between the fish and the avian 
salt-soluble proteins (Weinberg and Angel , 
sul::.mitted) . The comparison of different muscles 
treated with salts (including marrunalian muscles) 
should be rrade nCM under the microscope as well. 
